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Abstract
We consider the M-theory lifts of configurations of type IIA D6-branes intersecting at
angles. In supersymmetry preserving cases, the lifts correspond to special holonomy
geometries, like conifolds and G2 holonomy singularities. Transitions in which D6-
branes approach and recombine lift to topology changing transition in these geometries.
In some instances non-supersymmetric configurations can be reliably lifted, leading to
the same topological manifolds, but endowed with non-supersymmetric metrics. In
these cases the phase transitions are driven dynamically, due to instabilities localized at
the singularities. Even though in non-compact setups the instabilities relax to infinity,
in compact situations there exist nearby minima where the instabilities dissappear and
the decay reaches a well-defined (in general supersymmetric) endpoint.
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1 Introduction
Recently new insights into the dynamics of non-supersymmetric string configurations
have been achieved by studying localized instabilities. For instance, open string tachyons
localized on D-brane world-volumes (see e.g. [1]), and closed string tachyons at twisted
sectors of non-supersymmetric orbifolds [2, 3, 4, 5] 1
In this paper we study a new (but somewhat related) kind of instabilities, localized
at certain non-supersymmetric singularities, obtained as U-duals of brane configura-
tions (basically, as M-theory lifts of type IIA intersecting D6-brane configurations; a
related kind of lifts has been recently studied in [8]). The instabilities arise in the
singular world-sheet CFT regime, a fact which makes their analysis difficult. In par-
ticular, standard tools like use of D-brane probes [2], mirror symmetry [4], etc. are not
valid. Instead, we rely on the intuition gained from the U-dual D-brane system, plus
analysis of the energetics justified by use of BPS formulae.
Our singularities contain a set of continuous parameters (not dynamical moduli)
connecting them to special holonomy metrics, for instance conifold singularities. The
susy cases contain moduli which parametrize smoothing of the singularities, and/or
topology changing transitions. Our main result is that in the non-supersymmetric
situation these processes are dynamically triggered by the localized instability. In non-
compact situations, the dynamical smoothing of the singularity is reminiscent of [2]. In
compact setups 2, however, our localized instabilities present new features, namely they
can reach a stable point at finite distance, and they lead to no reduction in spacetime
dimension.
The paper is organized as follows: In Section 2 we describe configurations of D6-
branes intersecting over five dimensions, and their M-theory lift given by conifold sin-
gularities. In Sections 2.2, 2.3 we argue that the configurations suffer an instability,
and propose a dynamical conifold transition as the natural relaxation process. Section
3 contains similar discussions for other D6-brane intersections, involving a dynamical
topology changing flop of 2-spheres (Section 3.1) and a dynamical resolution of codi-
mension seven singularities, of G2 holonomy in the supersymmetric case (Section 3.2).
Section 4 contains our final comments. Appendix A reviews the construction of recom-
bined special lagrangian cycles [12], and appendix B discusses topological obstructions
to phase transitions from the D6-brane and M-theory viewpoints.
1See [6] for a similar kind of localized tachyons in fluxbrane backgrounds. For some results on not
localized closed tachyons, see e.g. [7].
2Configurations of intersecting D6-branes in compact manifolds have been studied in [9, 10, 11].
1
2 Two angle system
2.1 System of D6-branes intersecting over 5d
In this section we consider the dynamics of two D6-branes intersecting over a five-
dimensional subspace of their world-volume. Without loss of generality, the geometry
of the configuration is
D6 0 1 2 3 4 × [ 6 7 ]θ1 [ 8 9 ]θ2
D6′ 0 1 2 3 4 × [ 6 7 ]θ′
1
[ 8 9 ]θ′
2
(2.1)
meaning that the D6-brane spans the directions 01234 times a line at angle θ1 with
the x6 axis in the R2 parametrized by 67, times a line at angle θ2 with the x
8 axis in
(R2)89. Analogously for the D6
′-brane.
We will also consider compact examples with 6789 parametrizing a T4, taken rect-
angular for simplicity (T2)67 × (T
2)89. The angles are then defined in terms of the
torus radii Ri and the wrapping numbers (n6, n7, n8, n9), which moreover specify the
homology class of the D6-brane worldvolumes
[ ΠD6 ] = (n6 [a1] + n7 [b1] ) ⊗ (n8 [a2] + n9 [b2] ) (2.2)
The system has two branches: i) Since the direction 5 is transverse to both branes,
they may be separated in that direction, their distance being controlled by the vev
of a tree-level modulus ρ (with radiative potential generated in non-supersymmetric
situations, see below) neutral under the D6-brane gauge symmetries. We call this the
Coulomb branch; ii) At the origin of the Coulomb branch, i.e. for intersecting branes,
charged massless or tachyonic scalars φ arise at their intersection. Vevs for these fields
parametrize a Higgs branch where both branes recombine into a single smooth one.
Let us define ∆θi = θi − θ
′
i. The configuration is supersymmetric when the SO(4)
rotation relating the two 2-planes in (R4)6789 is within SU(2) [13], that is
∆θ1 ± ∆θ2 = 0 , for some choice of sign, (2.3)
and if so preserves 1/4 of the supersymmetries. In such situation the above two
branches are degenerate and the fields ρ and φ are exact moduli (even non-perturbatively,
due to the eight unbroken susys). For any non-zero vev for φ, the system corresponds
to a recombined D6-brane wrapped on a supersymmetric 2-cycle in the coordinates
6789. In the compact case its homology class is the sum of the original homology
classes (2.2) [Πtot] = [ΠD6] + [ΠD6′ ]; in the non-compact case, its asymptotic form is
2
that of the original intersecting 2-planes in R4. This 2-cycle is special lagrangian in the
complex structure natural in our splitting T2 × T2. In a different complex structure
it is a holomorphic 2-cycle in the right homology class.
In other cases, ∆θ1 ± ∆θ2 6= 0 for both signs, all supersymmetries are broken, and
moduli space is lifted. For instance, for 0 ≤ ∆θi ≤ pi, the lightest scalar fields arising









In any non-supersymmetric situation, ∆θ1 − ∆θ2 6= 0, exactly one of these complex
scalars is tachyonic. In the supersymmetric case, both get massless and combine with
fermions to fill out a hypermultiplet.
The tachyon at the intersection triggers the dynamical recombination of the D6-
branes. Since the tachyon is localized, the decay proceeds via an expanding shell which
leaves the recombined configuration behind. In the non-compact case, a simple picture
of the shell at any finite time is as follows. Outside a 3-ball of finite extent the D6-
branes are unperturbed and span two 2-planes (minus two disks whose interior is inside
the shell) at angles; inside the 3-ball the recombined cycle is a special lagrangian 2-
cycle with boundary given by two disks glued to the outside solution at the shell. The
existence and explicit construction of this configuration is provided in [12], see appendix
A. The difference in tension dynamically pushes the joining shell to infinity. The
process can be regarded as triggered by the intersecting tachyon for small φ vevs, and
by the Dirac-Born-Infeld action (which tends to minimize the volume of the recombined
cycle) deep in the Higgs branch.
In the non-compact case the process proceeds to infinity. In the compact case, the
D6-brane ends up wrapping the minimal volume supersymmetric 2-cycle in the class
[Πtot]. This configuration can be regarded as the minimum of the tachyon potential
(possibly multi-tachyon potential, if there are multiple intersections 3).
Concerning the Coulomb branch, two D6-branes at angles suffer a mutual attraction
generated by tree-level exchange of closed string fields, or equivalently by a one-loop
running of open string states. In any event, a potential is developed for ρ which pushes
the system towards the origin of the Coulomb branch. Hence, two D6-branes initially
deep in the Coulomb branch dynamically tend to approach and suffer a transition to
3In compact examples, there may be obstructions to such recombinations, for instance in cases with
a single intersection point, see appendix B. In the remainder of the paper we consider the relevant
transitions to be allowed.
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a Higgs branch, where they recombine. This process has been described in [14], in a
particular application as a model for hybrid inflation.
2.2 Energetics in the M-theory lift
Since the M-theory lifts of systems of D6-branes are purely geometrical, we would ex-
pect the above system to provide interesting dynamical phenomena involving purely
gravitational systems. Our purpose in this section is to support the existence of the
above Coulomb to Higgs transition in the IIA strong coupling regime (M-theory su-
pergravity regime), and analyze its geometrical interpretation in M-theory.
The M-theory lift of n D6-branes is given by R7 × X4 where X4 is an n-center
Taub-NUT geometry, with metric given by
ds2TN = V d~r








; ~∇ × ~ω = ~∇V (2.5)
The metric describes an S1 fibration over R3, parametrized by ~r, with fiber degener-
ating over the locations ~ri, and having asymptotic constant radius R. In the limit of
large asymptotic radius (equivalently, in the near core region), the constant term in V
drops, and the metric becomes asymptotically conical, an ALE geometry.
The naive M-theory lift of two D6-branes intersecting as in section 2.1 corresponds
to a six-dimensional geometry looking like two intersecting Taub-NUT fibrations. The
full-fledged metric of these systems have not been studied, but their topology is rela-
tively clear. As we will discuss below (see Section 2.3) in the supersymmetric situation
the constraints from supersymmetry are enough to fix the metric in the infinite asymp-
totic radius regime (or near core limit) to be the conifold metric. Hence, we expect the
dynamics of the system in non-supersymmetric situations to teach us about dynamics
of non-supersymmetric metric deformations of the conifold.
The first question that arises is how one may extrapolate to strong coupling the
picture we obtained studying D6-brane systems at weak coupling. A realiable way
to do so is to use BPS formulae for the tension of the system, in situations where
supersymmetry is good enough to prevent strong corrections from appearing.
Let us consider the compactification of M-theory on a rectangular 5-torus, T5 =
T2 × T2 × S1, parametrized by 67, 89, 10 respectively. Consider a state given by the
superposition of two far-away Kaluza-Klein monopoles associated to the S1 direction
10. One of them spans the directions 01234 and wraps the cycles (n6, n7) and (n8, n9)










separated by a large distance along the direction 5. Due to factorization, for distances
much larger than the M-theory circle the interactions between the two objects are
negligible and the state is reliably represented by a superposition of two Taub-NUT
geometries. In non-compact space the metric would be roughly speaking of the kind
ds = d~x 2
01234





; ~∇ ×3 ~ω = ~∇V (2.6)
where
∆~r = ( x5 − x0 , − sin θ1x6 + cos θ1x7 , − sin θ2x8 + cos θ2x9 ) (2.7)
is the distance of a point to the TN center, and where ×3 is vector product acting in
the 3-dimensional space transverse to the TN center. Analogously for quantities V ′,
ω′, ×′3 associated to the second Kaluza-Klein monopole.
The above metric does not solve the equations of motion, but is approximately
correct for large separation x0 − x
′
0 . This is as expected for weakly interacting KK
monopoles.
For well separated objects, the total tension Ztot of the resulting five-dimensional
object is just the sum of the individual KK monopole tensions. For future convenience,
we define qi = Rini and obtain
Ztotal = Zqi + Zq′i (2.8)
where















is the KK monopole
tension.
The state of KK monopoles at angles is generically non-supersymmetric, and does
not saturate the BPS bound. Gravitational and electromagnetic interactions between
two separated KK monopoles with differently oriented world-volume generically do
not cancel and lead to an attractive interaction, pulling them towards the origin of the
Coulomb branch.
Let us compute the BPS bound for a state with the above charges. Define the
independent charges qij = qiqj , q˜ij = qij + q
′
ij , associated to a basis of homology cycles
in T4. The BPS bound can be analyzed as in e.g. [15] and follows from the maximal
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where Γm are Dirac matrices. In our case
Z = TKK ( q68 Γ
68 + q69 Γ
69 + q78 Γ
78 + q79 Γ
97 ) (2.11)
Since the total charges do not satisfy the quadratic constraint q˜68 q˜79 = q˜69 q˜78 (ex-
cept for the trivial case of collinear charges, namely parallel branes) the BPS saturating
state is at most 1/4 supersymmetric. The bound (for some assumed signs for the q˜mn)
is
Z = TKK [ ( q˜78 ± q˜69 )
2 + ( q˜79 ∓ q˜68 )
2 ]1/2 (2.12)
In terms of the angles θi, θ
′
i










)1/2 cos θ2 (2.13)










1/2 sin θ2 (2.14)
(and analogously for primed charges) and after some algebra, the BPS bound can be
recast as
Z = [ (Zqi + Zq′i )
2 − 4Zqi Zq′i sin
2(δ/2) ]1/2 (2.15)
where δ = ∆θ1 −∆θ2.
The order parameter δ vanishes when the relative angles define an SU(2) rotation,
in which case the BPS bound is Zqi + Zq′i and is saturated by the original two KK
monopole configuration, which is supersymmetric. For non-zero δ, the BPS bound is
smaller, and the initial state is non-supersymmetric. At small M-theory radius, the
bound is saturated by a KK monopole wrapped in the holomorphic curve in the class
[Πtot] in T
4. Since this state is supersymmetric, it persists even at large M-theory
radius. In the supergravity regime it should look like a Taub-NUT space fibered over
the 2-cycle. An ‘adiabatic’ anstaz for the metric, by fibering the TN metric over the
2-cycle, would be reliable for Ri  R10 (curvature radii for the 2-cycle much larger
than the S1 compactification length).
Hence the original state of two well separated KK monopoles is unstable against
decay to the 1/4 BPS state which corresponds to the lift of a D6-branes wrapped on
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the recombined 2-cycle. On the Coulomb branch the instability is driven by the long-
distance interaction between well separated KK monpoles. At Planckian distances, a
local instability must develop in the region near the intersection of the two Taub-NUT
cores, and triggers the transition to the final recombined state. In the following section
we describe the local process mediating this decay to a Higgs branch.
2.3 The dynamical conifold transition
One particular advantage of the system we are stuying is that it contains a set of
continuous parameters connecting it to a supersymmetric situation. In particular, one
may study the lift to M-theory of the transition from the Coulomb to the Higgs branch
in the supersymmetric configuration, and then perturb it mildly by a small change in
the torus radii violating the SU(2) relation between angles. In this fashion, the main
effect of lack of supersymmetry is that the transition is dynamically triggered, instead
of taking place along flat directions in moduli space.
In the supersymmetric situation, the phase transition in which D6-branes at angles
approach and recombine lifts to a topology changing transition between two distinct
Calabi-Yau threefolds. More concretely, the intersections lift to conifold singularities,
and the phase transtition maps to a conifold transition from the small resolution to
the deformation phase. Let us describe this story.
Consider two D6-branes intersecting over 01234 and spanning two 2-planes in 6789
in a supersymmetric fashion. By choosing suitable complex coordinates z, w, the
locus in R4 wrapped by the D6-branes may be written z w = 0. Now recall that
the M-theory lift of a D6-brane may be written as a complex manifold as xy = v;
namely, a fibration of C∗’s (parametrized by x, y) over C (parametrized by v) with
fiber degenerating over v = 0 (the location of the Taub-NUT center). Extending to our
case, the M-theory lift of two D6-branes intersecting in SU(2) angles can be described
(as a complex manifold) as a C∗ fibration over C2 (parametrized by z, w) degenerating
over z w = 0. The total space is the submanifold x y − z w = 0 in C4. This is the
description of the conifold singularity as a complex manifold4. Finally, supersymmetry
of the configuration guarantees the threefold is endowed with the Calabi-Yau metric.
The Coulomb branch in which the D6-branes separate corresponds to the small
resolution phase of the conifold, where the singularity is replaced by a 2-sphere. In the
lift of two D6-branes on the Coulomb branch, the 2-sphere is clearly visible as the S1
4A different but related derivation starts with intesecting NS-fivebranes (a system U-dual to inter-
secting D6-branes) and obtains a conifold geometry by applying T-duality [16, 17].
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